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1.  Introduction 


The  Airborne  Field  Mill  Project  was  jointly  undertaken  by  the  USAF  and  NASA  during 
the  winters  of  1990,  ‘91,  and  -92  and  the  summer  of  1991  in  order  to  gather  in  situ 
airborne  field  mill  data  to  revise  the  USAF  and  NASA  lightning  Launch  Commit 
Critertia  (LCC)  for  manned  and  unmanned  space  launches.  The  Marshall  Space  Flight 
Center  recommended  changes  to  the  lightning  LCC  based  on  their  analysis  of  the  ABFM 
data  obtained  under  the  Airborne  Field  Mill  Project. 

A  committee  known  as  the  NASA/USAF  Airborne  Field  Mill  (ABFM)  Triggered 
Lightning  Launch  Commit  Criteria  (LCC)  Peer  Review  Committee  or  Peer  Review 
Committee  (PRC)  for  short  was  formed  “To  draft  and  finalize  a  subset  of  the  ‘Natural 
and  Triggered  Lightning  Launch  Commit  Criteria’  based  on  ABFM  Program  data.”  The 
purpose  was  to  provide  less  restrictive  but  equally  safe  LCC  as  compared  with  the  then 
existing  rules  which  were  felt  to  be  too  conseiwative. 

This  report  documents  the  LCC  recommended  by  the  PRC  in  March  1994  and  presented 
to  the  (5hief  Engineers  Council  of  the  USAF  Space  Materiel  Command  for  their 
concurrence  in  June  1994. 

The  members  of  the  PRC  are  given  in  Table  1.  The  formal  activities  of  the  PRC  leading 
to  the  March  1994  recommendations  are  listed  in  Table  2.  The  LCC  recommended  in 
March  1994  are  contained  in  Section  II  and  the  charts  prepared  for  the  briefing  to  the 
Chief  Engineers  Council  are  contained  in  Section  III. 
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Table  1.  Members  of  the  NASA/USAF  Airborne  Field  Mill  (ABFM)  Triggered  Lightning 
Launch  Commit  Criteria  (LCC)  Peer  Review  Committee. 


Name 

Dr.  James  E.  Dye 
Dr.  Harry  C.  Koons 

Dr.  E.  Philip  Kiider 

Dr.  W.  David  Rust 

Dr.  Richard  L.  Walterscheid 

Dr.  John  C.  Willett 


Title 

Senior  Scientist 

Senior  Scientist 

Professor  and  Director 

Chief,  Storm  Electricity  & 
Cloud  Physics  Research 

Senior  Scientist 

Physicist 


Affiliation 

National  Center  for 
Atmospheric  Research 

Space  and  Environment 
Technology  Center 
The  Aerospace  Corporation 

Institute  of  Atmospheric 
Physics 

University  of  Arizona 

NOAA/National  Severe 
Storms  Laboratory 

Space  and  Environment 

Technology  Center 

The  Aerospace  Corporation 

Geophysics  Directorate 
Phillips  Laboratory 


Table  2.  Formal  Activities  of  the  Peer  Review  Commitee 


Activitv 

Location 

Date 

Committee  Meeting 

Marshal  Space  Flight  Center 

3-5  Aug  1992 

Teleconference 

15  Apr  1993 

Teleconference 

18  Jun  1993 

Teleconference 

22  Nov  1993 

Committee  Meeting 

Kennedy  Space  Flight 

Center 

14-17  Feb  199 
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Section  II 


4.5  Natural  and  Triggered  Lightning  Constraints 

NOTICE:  ANY  CHANGE  TO  THIS  SECTION  REQUIRES  COORDINATION  WITH 
THE  45th  SPACE  WING  RANGE  SAFETY  OFHCE 

Even  when  these  constraints  are  not  violated,  if  any  other  hazardous  condition  exists,  the 
Launch  Weather  Officer  will  report  the  threat  to  the  Launch  Director.  The  Launch 
Director  may  HOLD  at  any  time  based  on  the  instability  of  the  weather. 

The  Launch  Weather  Officer  must  have  clear  and  convincing  evidence  that  the  following 
constraints  are  not  violated: 

A.  Do  not  launch  if  any  type  of  lighming  is  detected  within  10  NM  of  the  flight  path 
within  30  min  prior  to  launch  time, 

unless: 

1 .  the  meteorological  condition  that  produced  the  lightning  has  moved  more 
than  10  NM  away  from  the  flight  path. 
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B.  Do  not  launch  if,  at  launch  time,  the  flight  path  will  carry  the  vehicle: 

1.  Through  a  cumulus  cloud  with  its  top  between  the  +5.0  deg  C  and  -5.0  deg 
C  levels, 

unless: 

a.  The  cloud  is  not  producing  precipitation. 


b.  The  horizontal  distance  from  the  cloud  top  to  at  least  one  working 
field  mill  is  less  than  the  altitude  of  the  0.0  deg  C  level  or  3  NM, 
whichever  is  smaller. 


c.  All  field  mill  readings  within  5  NM  of  the  flight  path  are  between 
-100  V/m  and  +1000  V/m  for  the  preceding  15  min. 

2.  Through  cumulus  clouds  with  tops  higher  than  the  -5.0  deg  C  level. 

3.  Through  or  within  5  NM  of  the  nearest  edge  of  cumulus  clouds  with  tops 
higher  than  the  -10.0  deg  C  level. 

4.  Through  or  within  10  NM  of  the  nearest  edge  of  any  cumulonimbus  or 
thunderstorm  cloud  including  nontransparent  parts  of  its  anvil. 

5.  Through  or  within  10  NM  of  the  nearest  edge  of  a  nontransparent  detached 
anvil  for  the  first  hour  after  detachment  from  the  parent  cloud. 
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c. 


Do  not  launch  if,  for  ranges  equipped  with  a  working  surface  electric  field  mill 
network,  at  any  time  during  the  15  min  prior  to  laimch  time  the  absolute  value  of 
any  electric  field  intensity  measurement  at  the  ground  is  greater  than  1000  V/m 
within  5  NM  of  the  flight  path, 

unless: 

1.  There  are  no  clouds  within  10  NM  of  the  flight  path, 
except: 

a.  transparent  clouds 
or 

b.  clouds  with  tops  below  the  +5.0  deg  C  level  that  have  not  been 
associated  with  convective  clouds  with  tops  above  the  -10.0  deg  C 
level  within  the  last  3  hr. 

and 

2.  A  known  source  of  electric  field  (such  as  ground  fog)  that  is  occurring  near 
the  sensor  and  that  has  been  determined  to  be  benign  is  clearly  causing  the 
elevated  readings. 

D.  Do  not  launch  if  the  flight  path  is  through  a  vertically  continuous  layer  of  clouds 
with  an  overall  depth  of  4,500  ft  or  greater  where  any  part  of  the  clouds  is  located 
between  the  0.0  deg  C  and  the  -20.0  deg  C  levels. 

E.  Do  not  launch  if  the  flight  path  is  through  any  clouds  that  extend  to  altitudes  at  or 
above  the  0.0  deg  C  level  and  moderate  or  greater  precipitation  is  occurring  within 
5  NM  of  the  flight  path. 
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F.  Do  not  launch  if,  at  launch  time,  the  flight  path  will  carry  the  vehicle; 

1.  Through  any  nontransparent  debris  cloud  during  the  first  3  hr  after  the 
debris  cloud  formed  from  a  parent  cloud. 

2.  Within  5  NM  of  the  nearest  edge  of  a  nontransparent  debris  cloud  during 
the  first  3  hr  after  the  debris  cloud  formed  from  a  parent  cumulonimbus  or 
thunderstorm  cloud, 

unless 

a.  There  is  at  least  one  working  field  mill  within  5  NM  of  the  debris 
cloud 


b.  All  electric  field  intensity  measurements  at  the  ground  are  between 
+1000  V/m  and  -1000  V/m  within  5  NM  of  the  flight  path  during 
the  15  min  preceding  the  launch  time. 


c.  The  maximum  radar  return  from  the  entire  debris  cloud  is  less  than 
10  dBz  during  the  15  rain  preceding  launch  time. 

3.  The  start  of  the  3-hr  period  is  reckoned  as  follows: 

a.  If  it  is  known  that  the  cloud  is  detached,  the  3-hr  period  begins  at 
the  earliest  time  shown  by  observation  that  the  cloud  is  detached,  or 
the  time  of  the  last  detected  lighming  discharge  (if  any)  from  the 
detached  debris  cloud,  whichever  is  later. 

b.  If  it  is  not  known  whether  the  cloud  is  detached,  or  the  debris  cloud 
forms  from  the  decay  of  the  parent  cloud,  the  3-hr  period  begins  at 
the  time  of  the  last  detected  lightning  discharge  (if  any)  from  the 
parent  cloud  or  debris  cloud,  or  the  time  when  the  parent  cloud 
decays  to  below  the  -10.0  deg  C  level,  whichever  is  later. 

G.  For  cloud  types  described  in  Rules  D,  E,  and  F,  those  rules  need  not  be  applied  if, 
during  the  15  min  prior  to  launch  time,  the  absolute  value  of  the  instantaneous 
vector  electric  field  sampled  within  the  cloud  volume  expected  to  be  along  the 
flight  path  is  less  than  Ec  where  Ec  is  shown  as  a  function  of  altitude  in  Figure  G-1. 
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Figure  G-1.  Instantaneous  critical  electric  field  intensity  vs.  altitude. 
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H.  Definitions: 


1.  Anvil:  Stratiform  or  fibrous  cloud  produced  by  the  upper  level  outflow  or  blow-off 
from  thunderstorms  or  convective  clouds. 

2.  Cloud  Edge:  The  visible  cloud  edge  is  preferred.  If  this  is  not  possible,  then  the  10 
dBz  radar  cloud  edge  is  acceptable. 

3.  Cloud  Layer:  An  array  of  clouds,  not  necessarily  all  of  the  same  type,  whose  bases 
are  approximately  at  the  same  level.  Also,  multiple  arrays  of  clouds  at  different  altitudes 
that  are  connected  vertically  by  cloud  elements,  e.g.,  turrets  from  one  cloud  array  to 
another.  Convective  clouds  (e.g.,  clouds  falling  under  Rule  B)  are  excluded  from  this 
definition  unless  they  are  imbedded  with  other  cloud  types. 

4.  Cloud  Tops:  The  visible  cloud  top  is  preferred.  If  this  is  not  possible,  then  the  13 
dBz  radar  cloud  top  is  acceptable. 

5.  Cumulonimbus  Cloud:  Any  convective  cloud  with  any  part  above  the  -20  deg  C 
temperature  level. 

6.  Debris  Cloud:  Any  nontransparent  cloud,  that  has  become  detached  from  a  parent 
cumulonimbus  cloud  or  thunderstorm  or  results  from  the  decay  of  a  parent 
cumulonimbus  cloud  or  thunderstorm. 

7.  Electric  Field:  Here,  electric  field  means  the  one-minute  arithmetic  average  of  the 
field  mill  readings  and  the  polarity  of  the  electric  field  is  the  same  as  that  of  the  potential 
gradient;  that  is,  the  field  polarity  is  the  same  as  that  of  the  charge  overhead  for  fields 
measured  at  the  ground. 

8.  Flight  Path:  The  planned  flight  path  including  its  uncertainties  (“error  bounds”). 

9.  Thunderstorm:  Any  cloud  that  produces  lighming. 

10.  Transparent:  Synonymous  with  visually  transparent.  Sky  cover  through  which 
higher  clouds,  blue  sky,  stars  etc.  may  be  clearly  observed  from  below.  Also,  sky  cover 
through  which  terrain,  buildings  etc.  may  be  clearly  observed  from  above.  Sky  cover 
through  which  blurred,  indistinct  forms  are  visible  is  not  transparent. 
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CONCURRENCE: 


We  want  the  record  to  show  that  we  believe  the  best  way  to  ensure  safety  from 
atmospheric  electricity  hazards,  and  also  to  improve  launch  availability,  is  to  use  an 
instrumented  aircraft  in  conjunction  with  the  ground-based  field  mill  network  to  measure 
the  electric  field  environment  and  its  time  development  along  and  near  the  flight  path. 
This  recommendation  has  previously  been  made  in  the  H.  A.  Heritage  Report  titled 
"Launch  Vehicle  Lightning/Atmospheric  Electrical  Constraints  Post-Atlas/Centaur  '67 
Incident,"  in  the  National  Academy  of  Science  Panel  Report  titled  "Meteorological 
Support  for  Space  Operations,"  and  in  our  August  1992  recommendations  made  at  the 
Marshall  Space  Flight  Center. 


Dr.  John  C.  Willett 
Physicist 

Geophysics  Directorate 
Phillips  Laboratory 


Dr.  E.  Philip  Krider 
Professor  and  Director 
Institute  of  Atmospheric  Physics 
University  of  Arizona 


Dr.  Richard  L.  Walterscheid 
Senior  Scientist 

Space  and  Environment  Technology 
Center 

The  Aerospace  Corporation 


Dr.  Harry  C.  Koons 
Senior  Scientist 

Space  and  Environment  Technology 
Center 

The  Aerospace  Corporation 


Dr.  W.  David  Rust 
Senior  Scientist 
NOAA/National  Severe  Storms 
Laboratory 
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Section  III 


Objective 
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Overview 


(0 

O 

'o) 

o 


O) 

c 

p 

(5 

o 

o 


.2 

o 


o  w  .-c 


o  O 
a> 


o 

0) 

O) 

E 

(0 

3 

O 

■o 

(5 

N 

(0 


0 

O 


E 

E 
o 

£ 
O 

c 

o>  5 
c  iS 

c  o 


■D 

c 

(0 


Ui 


o  =  S  ts 


■o 

0 


■o 

0 


o 

0 

o 


o 

o 

-J 

G) 

c 


■S  0) 


0 

0 

0 

0 


m 

0  ^ 


O 

C  -O 
3  £ 
0  O 
-I  O 


Q. 

^  Q- 

S?  « 


D) 

■  ■M 
0 


O)  .  *- 

■  ■■i  vv 

i:  0 
^  0 


c  s 

o  — 

'4=  0 

Q.  O 


O 

0 

0 

o 


0 


X  z 


HM 

0 

£ 

o 

0 

■  ■■■1 

0 

0 

c 

“O 

o 

‘0 

0 

£ 

0 

> 

c 

E 

0 

0 

E 

0 

0 

C 

0 

0 

0 

0 

z 

0 

X 

17 


Space  and  Environment  Technology  Center  I73ITHE  AEROSPACE 

HCK  7/6/94  ^CORPORATION 


fail  subsys 

propulsion 

propulsion 

other 

1 

1 

fail  date 

08/02/93 

09/02/88 

03/26/87 

CD 

CO 

o 

08/28/85 

flight 

K-11 

D-3 

AC-67 

D-9 

D 

vehicle 

Titan  IV 

Titan  34D 

Atlas-Centaur 

Titan  34D 

Titan  34D 

0) 

1 

ci 

1 

c| 

i 

cl 

C 

1 

Ci 

c 

c 

o! 

o! 

oi 

0 

Oj 

0 

0 

0 

(/) 

n 

•  "  < 
CO! 

‘coi 

VP! 

21 

*0! 

CO! 
^  1 

u 

mmm 

\ _ 

*0 

o 

3! 

3 

mm 

+-• 

3 

3 

0) 

Q.! 

qJ 

0i 

Gl 

coi 

Q.! 

0 

<n 

0 

0 

0 

Q-< 

Q. 

'c5 

oi 

Qj 

o 

k. 

Q. 

Q4 

0j 

Wi 

i 

0 

Q. 

a- 

CL 

0 

1  ^ 

i 

0) 

CO 

1  1 

1  cm! 

1 

t 

T-! 

) 

! 

0 

CD 

CD 

1  'Cf 

o> 

!  Oi 

0! 

1  ^ 

S5 

1  CO 

Cu 

T5 

ini 

C^j 

; 

00! 

CO 

1  0 

I  O) 

w 

Sill 

1  Siii 

T-  I 

3::! 

T- 

0 

1 

1  ® 

*c5 

CO 

f^i 

CO 

in 

T“ 

° 

1 

1 

°i 

f  i 

1  o 

!  ! 

0| 

j 

0 

0 

i  ^ 

1 

0 

O 

1 

1  1 

!  i 

i 

i  j 

i  i 

i 

o 

4^ 

i  1 

!  j 

1 

1 

1 

i  1 

1  1 

i 

1 

c: 

o 

c 

-C 

1  ^  1 

1 

Oi 

:  i 

j  1 

1  CM 

U) 

61 

i  h-j 

|6| 

1  j 

1  CNji 

i  h-l 

1  >  i 

!  Oi 

cm| 

1  Hi 

1  j 

1  col 
!  1^1 

1 

1  i 

19 

<1 

!< 

1  lli 

1  ' 

1  <! 

ini 

1  ^ 

1  1 

1 

i 

i  1 

::d 

j 

I  1 

0 

V. 

k. 

;  i 

Ui 

k. 

3 

3i 

3 

!  i 

3 

o 

CO 

CO 

CO 

j 

0 

0 

o 

c 

c 

c 

j  1 

C 

0 

0 

« 

0 

cc 

0 

0> 

> 

O 

1 

o 

1 

3' 

wi 

0 

1 

= ' 

1  0 

JZ 

0 

0 

■ 

a> 

« 

0j 

CO 

c 

1 

« 

JO 

JO 

0 

J2 

CO 

i  — 

C/) 

JO 

4-» 

+-« 

AS 

h- 

*-• 

< 

< 

Q. 

!< 

i  H 

C/) 

< 

18 


THE  AEROSPACE 
CORPORATION 


Launches  Seriously  Affected  by 
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Lightning  Scrub  Statistics 
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Changes  in  Rule  A 


Rule  B 

Cumulus  Clouds 


Recommended  Launch  Commit  Criteria 

Rules  B.1.  and  B.2. 
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Changes  in  Rule  B 
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Recommended  Launch  Commit  Criteria 

Ruie  B.3. 
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Changes  in  Rule  B  cent. 


Recommended  Launch  Commit  Criteria 

Rules  B.4.  and  B.5. 
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Ground-based  Field  Mills 


Absolute  value  of  electric  field  >1000  V/m 


Changes  in  Rule  B  cent. 
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Recommended  Launch  Commit  Criteria 

Ruie  C.1. 
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Changes  in  Rule  C 
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Recommended  Launch  Commit  Criteria 

Rule  C.2. 
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Changes  in  Rule  C  cent. 


CNJ 

■ 

O 


P 

^  o> 

>  ^ 

CB  c 

x:  <D 
o  <i> 
c  -Q 

«  CO 
(I)  (D 

W  (g 

S  i 

o  o 

■S  = 

TJ  o 

3  2 

iD  0) 

fl>  — 
H- 

(0 
(0 

0)  ;-K 

©  c 

(0  CO 
(0 
© 


o 

c 


© 

E 


E 

© 

£ 

I- 


i  I 


© 

C 

© 


c  c: 

m  © 

.2  (D 

3  © 
©  X 


,©  o 

il 

© 

SI  © 


© 


© 


©  7 
© 

>.E 

.2  © 

o  © 
^  *“ 
©  o 

£  © 

.■s  o 

lg 

E  TJ 

o  > 

O  © 


o 

© 

© 

■o 

© 

o 

E 


■o 

© 

4-* 

© 

3 

©  T3 
>  © 
©  ^ 

£8 

^  o 

II  ^ 
.-=  © 

Q.  ^  Id 


© 

£ 

O 

'© 

> 

o 


41 


Space  and  Environment  Technology  Center  IS^THE  AEROSPACE 

HCK7/6/94  ^CORPORATION 


Layered  Clouds 
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Recommended  Launch  Commit  Criteria 
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ON  CALL  ABFM  Option 
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THE  AEROSPACE 
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TECHNOLOGY  OPERATIONS 


The  Aerospace  Corporation  functions  as  an  "architect-engineer"  for  national  security 
programs,  specializing  in  advanced  military  space  systems.  The  Corporation’s  Technology 
Operations  supports  the  effective  and  timely  development  and  operation  of  national  security 
systems  through  scientific  research  and  the  application  of  advanced  technology.  Vital  to  the 
success  of  the  Corporation  is  the  technical  st^f  s  wide-ranging  expertise  and  its  ability  to  stay 
abreast  of  new  technological  developments  and  program  support  issues  associated  with  rapidly 
evolving  space  systems.  Contributing  capabilities  are  provided  by  these  individual  Technology 
Centers: 

Electronics  Technology  Center:  Microelectronics,  VLSI  reliability,  failure 
analysis,  solid-state  device  physics,  compound  semiconductors,  radiation  effects, 
infrared  and  CCD  detector  devices,  Micro-Electro-Mechanical  Systems  (MEMS), 
and  data  storage  and  display  technologies;  lasers  and  electro-optics,  solid  state  laser 
design,  micro-optics,  optical  communications,  and  fiber  optic  sensors;  atomic 
frequency  standards,  applied  laser  spectroscopy,  laser  chemistry,  atmospheric 
propagation  and  beam  control,  LIDAR/LADAR  remote  sensing;  solar  cell  and  airay 
testing  and  evaluation,  battery  electrochemistry,  battery  testing  and  evaluation. 

Mechanics  and  Materials  Technology  Center:  Evaluation  and  characterization  of 
new  materials;  metals,  alloys,  ceramics,  polymers  and  composites;  development  and 
analysis  of  advanced  materials  processing  and  deposition  techniques;  nondestructive 
evaluation,  component  failure  analysis  and  reliability;  fracture  mechanics  and  stress 
corrosion;  analysis  and  evaluation  of  materials  at  cryogenic  and  elevated 
temperatures;  launch  vehicle  fluid  mechanics,  heat  transfer  and  flight  dynamics; 
aerothermodynamics;  chemical  and  electric  propulsion;  environmental  chemistry; 
combustion  processes;  spacecraft  structural  mechanics,  space  environment  effects  on 
materials,  hardening  and  vulnerability  assessment;  contamination,  thermal  and 
structural  control;  lubrication  and  surface  phenomena;  microengineering  technology 
and  microinstrument  development. 

Space  and  Environment  Technology  Center:  Magnetospheric,  auroral  and  cosmic 
ray  physics,  wave-particle  interactions,  magnetospheric  plasma  waves;  atmospheric 
and  ionospheric  physics,  density  and  composition  of  the  upper  atmosphere,  remote 
sensing  using  atmospheric  radiation;  solar  physics,  infrared  astronomy,  infrared 
signature  analysis;  effects  of  solar  activity,  magnetic  storms  and  nuclear  explosions 
on  the  earth’s  atmosphere,  ionosphere  and  magnetosphere;  effects  of  electromagnetic 
and  particulate  radiations  on  space  systems;  space  instrumentation;  propellant 
chemistry,  chemical  dynamics,  environmental  chemistry,  trace  detection; 
atmospheric  chemical  reactions,  atmospheric  optics,  light  scattering,  state-specific 
chemical  reactions  and  radiative  signatures  of  missile  plumes,  and  sensor  out-of- 
field-of-view  rejection. 


